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Abstract 
Management of solid waste and wastewater in Namibia is a growing concern. This study investigated 
the biogas potential of slaughter waste at a small stock abattoir in southern Namibia. Laboratory 
experiments with five different mixes of blood; stomach content and manure from sheep were tested. 
Preliminary findings suggest that the most optimum mixture of slaughter waste was relatively large 
amounts of stomach and intestine content. The blood proportion should b e kept relatively low, since the 
high nitrogen contents in the blood may inhibit the biogas production . The substrate mixture reflecting the 
actual ratio of waste generated in the slaughter process resulted in the highest methane production. This 
suggests that it is possible to produce viable amounts of biogas only using the waste produced at the 
abattoir, without adding other green substrate. Findings presented here together with results from a larger 
biogas digester, will be elaborated in the full paper.  
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1. Introduction 
Management of solid waste and wastewater from abattoirs and tanneries in Namibia is a growing 
concern [1]. Recycling of human and other organic waste to produce biogas for electricity and cooking, 
and using the residue from the biogas process, as an organic fertilizer is a common practice in many parts 
of the world [2]. Abattoirs generally produce a relatively large quantity of organic waste on a daily basis, 
and there are several examples of successful production of biogas using this waste as a substrate  [3, 4, 5]. 
Many authors have shown that slaughter waste needs to be mixed with, e.g. crop residue or similar green 
substrate to produce methane. This study was conducted at a small stock abattoir situated in semi-arid 
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southern Namibia. Waste management is a challenge and biogas production using slaughter waste is 
being investigated as a solution. One concern is the lack of green substrate in the area.   
 
The overall objective of the study is to assess the biogas potential of waste generated through the 
slaughter process. The specific objectives of the study are to: 
1: Investigate the biogas potential of slaughter waste by using different ratios of blood, stomach 
content and manure, including the same ratio as produced in the slaughtering process  
2: Determine what mixture of blood, stomach content and manure that produces most biogas  
3: Analyse the methane content of the produced gas  
2. Material and methods 
The study was carried out between 2 and 8 December 2013 at Brukkaros Meat Processors  (BMP), an 
abattoir situated 20 km west of Keetmanshoop town in Karas region, Namibia. A laboratory experiment 
with five treatments of different mixtures of sheep manure, sheep blood and sheep stomach and intestine 
content was established (Tab 1). All treatments were composed of a total of 10 g VS except treatment C 
which contained 20 g VS. Each treatment mixture was prepared by weighing each of the slaughter wastes 
separately and then mixing the substrates in Duran flasks. Finally, all flasks were filled up to 700 ml with 
inoculum made from cow manure. Treatment E served as a control with only 700 ml inoculum and no 
additional organic waste. Gas production was measured with a water displacement method. For methane 
analysis, gas was collected in Perkin Elmer 22 ml crimp top borosilicate glass vials. The vials were 
transported to Sweden in for analysis of the concentration of methane (CH4), by using a Clarus 500 Gas 
Chromatograph equipped with a flame ionization detector (FID) and an electron capture detector (ECD). 
pH measurements were carried out at the end of the experiment with a VWR pH 110 and the ambient 
temperature in the laboratory was recorded with 3 Tinytag temperature loggers throughout the whole 
study period. 
Table 1. Treatment mixtures  
Treatment Sheep 
manure 
(%VS) 
Stomach 
intestine 
content  
(%VS) 
Sheep blood 
(%VS) 
Total mass 
slaughter 
waste 
(g VS) 
Inoculum 
(ml) 
A 50 25 25 10 700 
B 15 61 24 20 700 
C 15 61 24 10 700 
D 25 50 25 10 700 
E (Control) 0 0 0 0 700 
3. Results and discussion 
Treatment C produced the largest cumulative gas volume and also generated the highest proportion of 
methane (Fig 1). This suggests that doubling the amount of organic waste in the flask had positive effects 
on the total biogas production as well as the methane proportion. Interestingly, all treatments produced 
relatively equal amounts of gas until after 90 hours, where treatment C increased the production rapidly.  
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Fig. 1. (a) cumulative gas production and (b) methane proportions for the different slaughter waste 
mixtures (for abbreviations see Table 1)  
 
For the abattoir, treatments B and C are of high interest since the proportions of manure, blood and 
stomach content are similar to the waste streams produced on a daily basis. Hence, the results are 
promising, especially since treatment C produced a large proportion of methane. The control, with 
inoculum only, produced the smallest gas volume and the lowest proportion of methane. Apparently, the 
most optimum mixture of slaughter waste was to user relatively large amounts of stomach and intestine 
content. The blood proportion should be kept relatively low, since the high nitrogen contents in the blood 
may inhibit the biogas production.  
During the study period the temperature fluctuated between 20.4 ˚C and 36.0 ˚C with an average 
temperature of 28.0 ˚C (Fig 2a). Methane producing bacteria are temperature sensitive and, ideally, 
mesophilic biogas production should take place in a temperature range of 30Ԩ to 40Ԩ with an optimum 
temperature of 40 Ԩ [6, 7]. Hence, the methane production in our experiment may have been improved if 
the temperature could have been controlled around 40Ԩ. In the full paper version of this paper we will 
discuss suggestions on how to thermally insulate the biogas reactors. 
  
Fig. 2. (a) temperature measurements during the experimental setup and (b) pH for the different 
mixtures (for abbreviations see Table 1)  
 
Micronutrients require iron (Fe), cobalt (Co) and nickel (Ni) to produce biogas [8, 9]. For instance 
traces of iron in blood has been proved to be important for the microorganisms that produce methane gas 
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[6]. The larger amount of blood in treatment C may therefore explain the high methane concentration in 
the produced gas. The pH did not differ much in the different treatments. However, slaughter waste 
normally contains large amounts of proteins and fat which potentially could lower the pH in the biogas 
reactor and eventually inhibit the anaerobic digestion process [10]. Substrates high in carbon, such as 
sheep manure, will stabilize the pH and hence adding sheep manure to the biogas reactor is a good 
complement to the slaughter waste. 
The findings presented here suggest that it is possible to produce methane of high quality, only using 
the waste products of the slaughter process and sheep manure. In the full paper these findings will be 
further elaborated and results from a larger biogas reactor will be incorporated.  
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